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(XURPHPEUDQH&RQIHUHQFH
>3@
3(*IXQFWLRQDOL]HG3266LQFRUSRUDWHG3(%$;QDQRFRPSRVLWHPHPEUDQHV
005DKPDQ9)LOL]66KLVKDWVNL\61HXPDQQ00.KDQ9$EHW]
+HOPKROW]=HQWUXP*HHVWKDFKW*HUPDQ\
,QWURGXFWLRQ

$ PDMRU GUDZEDFN RI SRO\PHU EDVHG PHPEUDQHV KDV EHHQ WKH QDWXUDOO\ FRXQWHUDFWLQJ
SHUPHDELOLW\DQGVHOHFWLYLW\ ,QFRUSRUDWLRQRIQDQRSDUWLFOHV LVDSURPLVLQJDOWHUQDWLYHDSSURDFK
WRRYHUFRPHWKHOLPLWDWLRQVRIUHJXODUSRO\PHUEDVHGPHPEUDQHV,QWKLVDSSURDFKERWKSRURXV
DQGQRQSRURXVLQRUJDQLFILOOHUVDUHXVHGDVGLVSHUVHGSKDVHLQDSRO\PHUPDWUL[3RURXVILOOHUV
DFW DV PROHFXODU VLHYLQJ DJHQWV LQ WKH SRO\PHU PDWUL[ DQG VHOHFWLYHO\ DOORZ WKH GHVLUHG
FRPSRQHQW WR SDVV WKURXJK WKH SRUHV ZKHQ WKH SRO\PHU FKDLQV ZHW WKH SRURXV SDUWLFOHV
FRPSOHWHO\ DQG WKHUH DUH QR GHIHFWV >@ &RQYHQWLRQDO VSHFXODWLRQ ZDV LQFRUSRUDWLRQ RI
QRQSRURXV RU LPSHUPHDEOH ILOOHUV LQ SRO\PHU PHPEUDQH ZLOO OHDG WR V\VWHPDWLF UHGXFWLRQ RI
SHUPHDELOLW\GXHWRLQFUHDVHGWRUWXRVLW\RIWKHGLIIXVLRQSDWKDVZHOODVUHGXFHGVROXELOLW\RIWKH
VHSDUDWLQJ JDV PROHFXOHV LQ WKH SRO\PHU PDWUL[ 'LIIHUHQW PRGHOV KDYH EHHQ SURSRVHG WR
VXSSRUWWKLVSKHQRPHQRQ2QHRIWKHPRVWZLGHO\XVHGPRGHOVLVWKH0D[ZHOO0RGHO+RZHYHU
LWKDVEHHQUHSRUWHGLQPDQ\VWXGLHVWKDWLQFRUSRUDWLRQRILPSHUPHDEOHQDQRILOOHUVGRQRWIROORZ
WKH0D[ZHOO0RGHODQGFDQEHDQDWWUDFWLYHFKRLFHWRLQFUHDVHWKHSHUPHDELOLW\DQGVHOHFWLYLW\
RISRO\PHUEDVHGPHPEUDQHV*DVVHSDUDWLRQSURSHUWLHVRIWKHVHLPSHUPHDEOHQDQRILOOHUVDUH
JRYHUQHGE\WKH LQWHUDFWLRQRI WKHSRO\PHUPDWUL[DVZHOODVWKHVHSDUDWLQJJDVPROHFXOHZLWK
WKHVXUIDFHRIWKHILOOHU>@

&RPPHUFLDOO\DYDLODEOHWKHUPRSODVWLFSRO\HWKHUEORFNDPLGHHODVWRPHUVXQGHUWKHWUDGHQDPH
3(%$; KDYLQJ IOH[LEOH SRO\HWKHU VHJPHQWV DQG ULJLG SRO\DPLGH VHJPHQWV DUH H[FHOOHQW
PDWHULDOV IRU VHSDUDWLRQ RI &2 IURP OLJKW JDV HJ + RU 1 ,Q WKHVH SRO\PHUV WKH JODVV\
SRO\DPLGHGRPDLQVSURYLGHPHFKDQLFDOVWUHQJWKDQGDFWDV LQWHUPHGLDWHVSDFHUVEHWZHHQWKH
SRO\HWKHU GRPDLQV ZKLFK SUHYHQW FU\VWDOOL]DWLRQ DQG RIIHU JUHDWHU FKDLQ PRELOLW\ RI WKH HWKHU
OLQNDJH)DYRUDEOHLQWHUDFWLRQRISRODUHWKHUR[\JHQZLWK&2UHVXOWVLQKLJKVROXELOLW\VHOHFWLYLW\
RI&2RYHUQRQSRODUJDVHV>@7KHDLPRIWKLVZRUNLVWRVWXG\WKHHIIHFWRILQFRUSRUDWLRQRID
FRPPHUFLDOO\ DYDLODEOH QDQRSDUWLFOH 3(*3266 SRO\HWK\OHQH JO\FRO IXQFWLRQDOL]HG
SRO\RFWDKHGUDOROLJRPHULFVLOVHVTXLR[DQHXSRQWKHSHUPHDELOLW\DQGVHOHFWLYLW\RIWZRGLIIHUHQW
JUDGHVRI3(%$;FRQVLVWVRIZWRISRO\HWK\OHQHR[LGHDQGSRO\DPLGHDQG
3(%$;FRQVLVWVRIZWRISRO\WHWUDPHWK\OHQHR[LGHDQGSRO\DPLGH


0HWKRGV

D3UHSDUDWLRQRIQDQRFRPSRVLWHPHPEUDQHV

'HQVHPHPEUDQHVZHUHSUHSDUHGE\VROXWLRQFDVWLQJLQ7HIORQPROGV0L[WXUHVRI3(*3266
DQG3(%$;ZHUH GLVVROYHG LQDPL[WXUHRIHWKDQROZDWHU ZW XQGHU UHIOX[DW
&IRUK6LPLODUO\PL[WXUHVRI3(*3266DQG3(%$;ZHUHGLVVROYHGLQEXWDQRODW
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& IRU K 7KH FRQFHQWUDWLRQ RI WKH VROXWLRQ ZDV  ZW DQG WKH 3(*3266 FRQWHQW ZDV
YDULHG IURP  ZW RI WKH SRO\PHU $IWHU FRROLQJ WKH VROXWLRQ WR URRP WHPSHUDWXUH WKH
REWDLQHGKRPRJHQHRXVVROXWLRQZDVILOWHUHGWKURXJKDVWHHOILOWHUDQGSRXUHGLQWR7HIORQPROGV
7KHVROXWLRQVRI3(%$;DQG3(*3266ZHUHGULHGIRUKRXUVZKLOHWKRVHRI3(%$;
 DQG 3(*3266 ZHUH GULHG IRU  KRXUV DW & 7KH ILOPV ZHUH GULHG XQGHU YDFXXP
RYHUQLJKWDW&0HPEUDQHWKLFNQHVVZDVPHDVXUHGE\DGLJLWDOPLFURPHWHUDQGWKH\YDULHG
IURPWRȝP

E&KDUDFWHUL]DWLRQ

6LQJOH JDV SHUPHDELOLWLHV RI WKH SUHSDUHG GHQVH PHPEUDQHV ZHUH GHWHUPLQHG E\ WLPH ODJ
PHWKRGDW&7KHRUGHURIWKHJDVHVZHUH12&++&21DQGWKHIHHGSUHVVXUH
ZDVEDUIRUDOOWKHJDVHV(DFKPHDVXUHPHQWZDVUHSHDWHGWLPHVDQGIRUHDFKFRPSRVLWLRQ
PHPEUDQHVDPSOHVZHUHPHDVXUHG

'LIIHUHQWLDO VFDQQLQJ FDORULPHWU\ '6& ZDV XVHG WR VWXG\ WKH HIIHFW RI LQFRUSRUDWLRQ RI
QDQRSDUWLFOHVXSRQJODVVWUDQVLWLRQWHPSHUDWXUHDQGFU\VWDOOLQLW\RIWKHGRPDLQVRI3(%$;


5HVXOWVDQGGLVFXVVLRQ

(IIHFW RI 3(*3266 FRQWHQW LQ 3(%$;  DQG3(%$;  RQ SHUPHDELOLW\ RI12
&++DQG&2LVSORWWHGLQ)LJXUHVDQGUHVSHFWLYHO\



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

,WZDVREVHUYHGWKDWWKHSHUPHDELOLW\RIWKHJDVHVLQFUHDVHGXSWRORDGLQJRI3(*3266
IRUERWKJUDGHV$WKLJKHU3(*3266 ORDGLQJ WKH ILOPVRI3(%$;EHFDPH WRRVRIW IRU
WLPHODJPHDVXUHPHQWVDQGWKHSHUPHDELOLW\RI3(%$;VKRZHGDGHFUHDVLQJWUHQG

7KH VHOHFWLYLW\ IRU &2 RYHU RWKHU JDVHV RI 3(%$; GHFUHDVHG VOLJKWO\ GXH WR  ZW
LQFRUSRUDWLRQ RI 3(*3266 EXW IRU  DQG  ZW ORDGLQJ VHOHFWLYLW\ ZDV VLPLODU WR SXUH
3(%$; 3(*3266 XVHG LQ WKLV VWXG\ FRQVLVW RI DURXQG  RI SRO\HWK\OHQH R[LGH
+HQFH WKH WRWDO HWKHU FRQWHQW RI WKH PHPEUDQH LQFUHDVHG ZLWK WKH LQFUHDVH RI 3(*3266
FRQWHQW)URPWKH'6&VWXGLHVLWZDVREVHUYHGWKDW3(*3266DFWVDVDQXFOHDWLQJDJHQWRQ
WKHSRO\HWKHUGRPDLQRI3(%$;ZKLFKPLJKWEHWKHUHDVRQRIGHFUHDVHLQVHOHFWLYLW\DW
ORZ3(*3266FRQWHQW+RZHYHUWKH&2VHOHFWLYLW\3(%$;LQFUHDVHGZLWKLQFUHDVLQJ
3(*3266FRQWHQWZKLFKPLJKWEHGXHWRWKHLQFUHDVHLQWRWDOHWKHUFRQWHQWRIWKHPHPEUDQH


5HIHUHQFH

0 $ $URRQ $ ) ,VPDLO 70DWVXXUD00 0RQWD]HU5DKPDWL 3HUIRUPDQFH VWXGLHV RI
PL[HGPDWUL[PHPEUDQHVIRUJDVVHSDUDWLRQ$UHYLHZ6HSDUDWLRQDQG3XULILFDWLRQ7HFKQRORJ\


+&RQJ05DGRV]%)7RZOHU<6KHQ3RO\PHULQRUJDQLFQDQRFRPSRVLWHPHPEUDQHV
IRUJDVVHSDUDWLRQ6HSDUDWLRQDQG3XULILFDWLRQ7HFKQRORJ\

 7 & 0HUNHO % ' )UHHPDQ 5 - 6SRQWDN = +H , 3LQQDX 3 0HDNLQ $-+LOO
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 7 & 0HUNHO %' )UHHPDQ 5 - 6SRQWDN = +H , 3LQQDX 3 0HDNLQ DQG $ - +LOO
6RUSWLRQ WUDQVSRUW DQG VWUXFWXUDO HYLGHQFH IRU HQKDQFHG IUHH YROXPH LQ SRO\PHWK\O
SHQW\QHIXPHGVLOLFDQDQRFRPSRVLWHPHPEUDQHV&KHPLVWU\RI0DWHULDOV

 9, %RQGDU % ' )UHHPDQ ,3LQQDX *DV WUDQVSRUW SURSHUW\ RI SRO\HWKHUEDPLGH
VHJPHQWHGEORFNFRSRO\PHUV-RXUQDORI3RO\PHU6FLHQFH3DUW%3RO\PHU3K\VLFV


$FNQRZOHGJHPHQW 7KH DXWKRUV ZRXOG OLNH WR WKDQN &ODULVVD $EHW] DQG 6DEULQD %ROPHU IRU
WKHLU KHOSZLWK7(0DQG$)0PHDVXUHPHQWV 7KLVZRUN LV ILQDQFLDOO\ VXSSRUWHG E\ )3(8
SURMHFW+$5&$1$XQGHUJUDQWDJUHHPHQWQXPEHU103/$
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